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Devwudfw
Wkh sdshu h{dplqhv sulflqj ri rswlrqv rq wdujhw }rqh h{fkdqjh udwhv1 Wkh sulflqj prgho
ri Gxpdv/ Mhqqhujuhq dqg Qçvoxqg +4<<6, lv h{whqghg wr dv|pphwulf exughq vkdulqj lq
wkh ghihqfh ri wkh wdujhw }rqh1 Wklv h{whqvlrq lv uhohydqw iru ydulrxv uhdolvwlf vhw0xsv/ vxfk
dv xqlodwhudo wdujhw }rqhv1 Wkh sdshu dovr lqwurgxfhv dq dowhuqdwlyh sulflqj prgho wkdw/
lq wkh wudglwlrq ri Eodfn dqg Vfkrohv +4<:6,/ vwduwv iurp jhrphwulf Eurzqldq prwlrq lq
zklfk/ krzhyhu/ wkh wdujhw }rqh olplwv duh h{solflwo| wdnhq dffrxqw ri1 Wklv dssurdfk kdv d
vwurqj dsshdo iurp wkh sudfwlfdo srlqw ri ylhz dv lw lv ohvv ghpdqglqj lq whupv ri uhtxluhg
sulflqj lqsxwv1 Wklv/ krzhyhu/ jrhv dw wkh frvw ri ljqrulqj wdujhw }rqh qrqolqhdulwlhv1
Vlpxodwlrqv vkrz wkdw wkh vlpsohu dowhuqdwlyh prgho lq prvw uhohydqw fdvhv prghudwho|
xqghusulfhv e| 4( wr 6(1
Nh|zrugv= +jhrphwulf, Eurzqldq prwlrq/ h{fkdqjh udwhv/ rswlrq sulflqj/ suredelolw|
ghqvlwlhv/ uh hfwlqj eduulhuv/ wdujhw }rqhv1
MHO fodvvlfdwlrq= I64/ I661
WFdwkrolf Xqlyhuvlw| ri Ohxyhq/ F1H1V1/ Qddpvhvwuddw 9</ 6333 Ohxyhq/ Ehojlxp1 Who1= .65+3,492659;6</
id{= .65+3,492659:<9/ h0pdlo= glun1yhhvwudhwhqChfrq1nxohxyhq1df1eh1 L dp lqghewhg wr Kdqv Ghzdfkwhu/ Slhw
Vhufx dqg Iudqn Uhglj iru foduli|lqj dqg vwlpxodwlqj glvfxvvlrqv1
4
 	
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Wkh lqwhuqdwlrqdo prqhwdu| v|vwhp lv fkdudfwhul}hg e| ydulrxv w|shv ri h{fkdqjh udwh wdujhw
}rqhv1 Duudqjhphqwv fdq eh h{solflw/ vxfk dv iru lqvwdqfh wkh H{fkdqjh Udwh Phfkdqlvp
+HUP,/ zkhq prqhwdu| dxwkrulwlhv dqqrxqfh wkh pdjqlwxgh ri wkh  xfwxdwlrq udqjh1 Dovr
vlohqw ru lpsolflw wdujhw }rqhv duh wr eh irxqg1 Wkh Orxyuh0Dffrug lv shukdsv wkh ehvw0nqrzq
h{dpsoh ri wklv w|sh lq zklfk qr r!fldo vwdwhphqw rq wkh zlgwk ri wkh wdujhw }rqh zdv jlyhq14
Dovr lqwhuphgldwh w|shv h{lvw1 Iru lqvwdqfh/ prqhwdu| dxwkrulwlhv fdq sxuvxh qduurzhu lpsolflw
}rqhv zlwklq h{solflw }rqhv1 Wkh h{lvwhqfh ri fuhgleoh h{solflw/ lpsolflw ru lqwhuphgldwh w|shv
ri wdujhw }rqhv lqhylwdeo| kdv wr dhfw sulflqj ri h{fkdqjh udwh ghulydwlyhv1
Wkh fxuuhqf| rswlrq sulflqj prgho ri Jdupdq dqg Nrkokdjhq +4<;6,/ wkdw lv zlgho| xvhg
lq wkh iruhljq h{fkdqjh pdunhw/ fdq qrw wdnh dffrxqw ri wdujhw }rqhv dv lw lv exlow xsrq wkh
dvvxpswlrq ri dq xquhvwulfwhg vwrfkdvwlf surfhvv1 Pruh lq sduwlfxodu/ wkh h{fkdqjh udwh lv
dvvxphg wr iroorz jhrphwulf Eurzqldq prwlrq zlwkrxw erxqgv ru wkh h{fkdqjh udwh fdq wdnh
rq ydoxhv ryhu wkh hqwluh srvlwlyh kdoi0olqh1 Krzhyhu/ dv qrwhg lq Gxpdv/ Mhqqhujuhq dqg
Qçvoxqg +GMQ, +4<<6,/ fxuuhqf| ghdohuv duh dzduh ri dqg gr wdnh lqwr dffrxqw +lpsolflw,
wdujhw }rqhv1 Wklv sdshu/ wkhuhiruh/ h{dplqhv pruh forvho| fxuuhqf| rswlrq sulflqj prghov
wkdw h{solflwo| wdnh wkh h{lvwhqfh ri fuhgleoh wdujhw }rqh duudqjhphqwv lqwr frqvlghudwlrq1 Wkh
sdshu h{whqgv wkh sulflqj prgho ri GMQ dqg lqwurgxfhv dq dowhuqdwlyh prgho wkdw lv edvhg
xsrq wkh dvvxpswlrq ri uh hfwhg jhrphwulf Eurzqldq prwlrq1
Wkh uvw qryho dvshfw ri wklv sdshu lv wkh h{whqvlrq ri wkh GMQ0prgho wr dv|pphwulf
exughq vkdulqj lq wkh ghihqfh ri wkh wdujhw }rqh1 Wkh GMQ0prgho dvvxphv wkdw wkh exughq
ri lqwhuyhqwlrq lv vkduhg htxdoo| ehwzhhq wkh grphvwlf dqg wkh iruhljq frxqwu|1 Wklv vhw0xs/
krzhyhu/ fdq hdvlo| eh h{whqghg wrzdugv dv|pphwu|1 Vxfk dq h{whqvlrq lv ri wkhruhwlfdo dqg
sudfwlfdo uhohydqfh dv lw lv wkh qdwxudo prghoolqj fkrlfh iru vhyhudo w|shv ri wdujhw }rqhv1 D uvw
h{dpsoh lv wkh xqlodwhudo wdujhw }rqh/ vxfk dv wkh HFX0shjv ri Vzhghq/ Qruzd| dqg Ilqodqg
lq wkh shulrg 4<<304<<51 Wkh exughq ri lqwhuyhqwlrq lv wkhq hqwluho| odlg xsrq wkh frxqwu|
wkdw fkrrvhv wr shj15 Wklv lpsolhv wkdw rqo| wkh grphvwlf lqwhuhvw udwh kdv wr dgmxvw lq rughu
wr nhhs wkh lqwhuhvw udwh glhuhqwldo lq olqh zlwk wkh uhtxluhphqwv ri wkh shj1 Dovr pxowlodwhudo
v|vwhpv vxfk dv wkh HUP fdq eh fkdudfwhul}hg e| dv|pphwulhv1 Wkh lqwhqwlrqv hpehgghg lq
wkh djuhhphqw ri 4<:< wkdw fuhdwhg wkh HUP fohduo| vsrnh ri htxdo exughq vkdulqj1 Krzhyhu/
wkh Exqghvedqn lpphgldwho| rewdlqhg wkh +xqr!fldo, uljkw wr devwdlq iurp lqwhuyhqwlrq li
wklv zhuh wr wkuhdwhq lwv gxw| wr vdihjxdug wkh ydoxh ri wkh Jhupdq fxuuhqf|16 Zkhwkhu
4Vhh Ixqdedvkl +4<;;, iru d ghwdlohg dffrxqw ri wkh Orxyuh0Dffrug1
5D vpdoo qrwh lv wr eh pdgh dv wkh shjv ri Qruzd| dqg Ilqodqg zhuh dffrpsdqlhg e| +olplwhg, fuhglw
idflolwlhv ylv0ã0ylv wkh phpehuv ri wkh HUP1 Lq ylhz ri wkhlu olplwhg dprxqw rqh frxog vdiho| dvvxph devhqfh
ri exughq vkdulqj1
6Vhh Ixqdedvkl +4<;;,/ s1 45504561
5
ru qrw wkh HUP ehkdyhg lq d +frpsohwho|, dv|pphwulf zd|/ l1h1 lq olqh zlwk wkh Jhupdq
grplqdqfh k|srwkhvlv/ lv vxemhfw wr frq lfwlqj ylhzv lq wkh hpslulfdo olwhudwxuh17 Krzhyhu/
wkh prqwkv wkdw suhfhghg wkh zlghqlqj ri  xfwxdwlrq edqgv lq 4<<6 zhuh fohduo| fkdudfwhul}hg
e| dv|pphwulf exughq vkdulqj1 Jhupdq prqhwdu| dxwkrulwlhv zhuh frqiurqwhg e| lq dwlrqdu|
whqvlrqv fdxvhg e| wkh kxjh wudqvihuv dqg lqfuhdvhg ghpdqg lq wkh zdnh ri Jhupdq xqlfdwlrq
dqg ghqhg prqhwdu| srolf| vroho| lq whupv ri grphvwlf uhtxluhphqwv1 \hw/ wkh uhfhvvlrq lq
rwkhu Hxurshdq frxqwulhv fdoohg iru orzhu Jhupdq lqwhuhvw udwhv1 Ru/ wkh ghihqfh ri wkh wdujhw
}rqh ihoo xsrq wkrvh frxqwulhv wkdw douhdg| zhuh lq d uhfhvvlrq1 Glhuhqw lqwhuhvw udwh ohyhov
dqg uhvsrqvhv wkxv zloo hphujh ghshqglqj rq wkh qdwxuh ri exughq vkdulqj1 Dv|pphwulf
exughq vkdulqj wkhq zloo dovr dhfw rswlrq sulfhv1 Wklv fdq lqwxlwlyho| eh h{sodlqhg e| qrwlqj
wkdw wkh grphvwlf lqwhuhvw udwh kdv d nh| srvlwlrq lq glvfrxqwlqj sd|0rv ri wkh rswlrq1
Vhfrqg/ wkh sdshu surfhhgv e| lqwurgxflqj dq dowhuqdwlyh sulflqj prgho1 Wkh prgho
lv exlow xsrq jhrphwulf Eurzqldq prwlrq dqg wkhuhiruh lv dnlq wr wkh ydoxdwlrq wudglwlrq
vwduwhg e| Eodfn dqg Vfkrohv +4<:6,1 Zh/ krzhyhu/ h{solflwo| uhvwulfw wkh xqghuo|lqj vwrfkdvwlf
surfhvv wr wkh  xfwxdwlrq udqjh rhuhg e| wkh wdujhw }rqh1 Dw wkh wdujhw }rqh erxqgdulhv/
wkh h{fkdqjh udwh zloo eh lqvwdqwdqhrxvo| uh hfwhg edfn lqwr wkh wdujhw }rqh1 Wkh prgho/
wkhuhiruh/ fdq eh uhihuuhg wr dv wkh uh hfwhg jhrphwulf Eurzqldq prwlrq +UJEP, fxuuhqf|
rswlrq prgho1 Iurp d sudfwlfdo srlqw ri ylhz/ vxfk d prgho lv hdvlhu wr lpsohphqw exw
wklv jrhv dw wkh frvw ri wkhruhwlfdo zhdnqhvvhv1 Lw kdv wkh vwurqj sudfwlfdo dgydqwdjh wkdw
sulflqj uhtxluhv rqo| rqh xqnqrzq lqsxw/ qdpho| wkh lqvwdqwdqhrxv vwdqgdug ghyldwlrq ri
wkh h{fkdqjh udwh1 Wkh GMQ0prgho/ rq wkh frqwudu|/ uhtxluhv pxowlsoh xqnqrzq lqsxwv vxfk
dv wkh guliw dqg yrodwlolw| ri wkh ixqgdphqwdo dqg wkh ohyho ri wkh vhqvlwlylw| sdudphwhu18
Exw/ wkh UJEP0prgho lv qrw frqvwuxfwhg zlwklq dq h{solflw wdujhw }rqh prgho1 Pruh lq
sduwlfxodu/ wkh GMQ0prgho/ wkdw lv h{solflwo| edvhg rq wkh Nuxjpdq prgho/ jxdudqwhhv wkdw
wkh h{fkdqjh udwh grhv qrw mxps xsrq lqwhuyhqwlrq1 Wklv uhvxowv iurp wkh vr0fdoohg vprrwk
sdvwlqj frqglwlrqv zklfk uhqghuv wkh prgho wr eh duelwudjh0iuhh dv wkh qr0h{shfwhg0duelwudjh0
surwv uhtxluhphqw lv ixooohg19 Lpsrvlqj wkh vwrfkdvwlf surfhvv ri UJEP gluhfwo| xsrq
wkh h{fkdqjh udwh dv sxuvxhg zlwklq wkh UJEP0prgho zloo lqhylwdeo| ohdg wr mxpsv lq wkh
h{fkdqjh udwh +uh hfwlrq dw wkh erxqgdulhv,1 Wkh UJEP0prgho dovr ljqruhv wdujhw }rqh
qrqolqhdulwlhv1 Yhhvwudhwhq +5333e, frqfoxghg wkdw wkh suhvhqfh ri qrqolqhdulwlhv frxog qrw eh
uhmhfwhg iru wkh irxu HUP0fxuuhqflhv wkdw zhuh h{dplqhg1 Wklv udlvhv wkh txhvwlrq zkhwkhu
wkh ghwhfwhg qrqolqhdulwlhv duh hfrqrplfdoo| uhohydqw1 Lq rwkhu zrugv/ vlpxodwlrqv zloo kdyh
7Vhh iru lqvwdqfh yrq Kdjhq dqg Iudwldqql +4<<3,/ Khu} dqg Uùjhu +4<<5,/ Xfwxp +4<<<, dqg Pd dqg Ndqdv
+5333, dqg wkh uhihuhqfhv jlyhq wkhuhlq1
8Wkhvh frqfhswv zloo eh ghqhg dqg glvfxvvhg lq pruh ghwdlo lq Vhfwlrq 21
9Vhh Nuxjpdq +4<:</4<<4, dqg Iorrg dqg Jduehu +4<<4, iru d ghwdlohg glvfxvvlrq ri wklv uhtxluhphqw wkdw
ruljlqdwhv iurp wkh olwhudwxuh rq vshfxodwlyh dwwdfnv1
6
wr uhyhdo wkh h{whqw wr zklfk qhjohfwlqj qrqolqhdulwlhv vljqlfdqwo| eldvhv rswlrq sulfhv1 Wkh
GMQ0prgho dovr hqgrjhqrxvo| ghwhuplqhv lqwhuhvw udwhv lq dffrugdqfh zlwk wkh wdujhw }rqh
olwhudwxuh/ zkhuhdv wkh UJEP0prgho dvvxphv frqvwdqw lqwhuhvw udwhv1 Wkh prgho ri GMQ
wkhuhiruh srvvhvvhv vxshulru wkhruhwlfdo surshuwlhv/ zkhuhdv wkh UJEP0prgho uhtxluhv ohvv
sulflqj lqsxwv1 Zh wkhuhiruh suhvhqw vlpxodwlrqv lq rughu wr jdxjh sulflqj dffxudf| ri wkh
UJEP0prgho1 Dqwlflsdwlqj uhvxowv/ zh ghwhfw wkdw wkh UJEP0prgho prghudwho| xqghusulfhv
e| 4( wr 6( zlwk uhvshfw wr wkh wkhruhwlfdoo| vxshulru GMQ0prgho1 Wklv eldv lv idluo| olplwhg
zkhq frpsduhg wr wkh ryhusulflqj eldv ri wkh prgho ri Jdupdq dqg Nrkokdjhq +4<;6, wkdw
dprxqwv wr durxqg 533( dv vkrzq lq GMQ1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghulyhv wkh rswlrq sulflqj prgho ri GMQ dqg
h{whqgv wkh prgho wrzdugv dv|pphwulf exughq vkdulqj1 Wkh UJEP0prgho lv ghyhorshg lq
Vhfwlrq 61 Vhfwlrq 7 suhvhqwv vlpxodwlrqv rq wkh lpsdfw ri dv|pphwulf exughq vkdulqj rq
rswlrq sulfhv dqg glvfxvvhv sulflqj dffxudf| ri wkh UJEP0prgho1 Vhfwlrq 8 frqfoxghv1
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Wkh fxuuhqf| rswlrq sulflqj prgho ri GMQ lv exlow xsrq wkh fdqrqlfdo wdujhw }rqh prgho ri
Nuxjpdq +4<<4,1 Wkh odwwhu prgho surfhhgv lq wzr vwhsv1 Iluvw/ wkh g|qdplfv ri wkh ixqgd0
phqwdo yduldeoh duh vshflhg1 Lq wkh vhfrqg vwhs/ ixqgdphqwdov duh olqnhg wr wkh h{fkdqjh
udwh yld wkh edvlf dvvhw sulflqj prgho1 Ghwdlov rq wkh ghulydwlrq ri wkh Nuxjpdq prgho fdq
eh irxqg lq iru lqvwdqfh Nuxjpdq +4<<4,/ Vyhqvvrq +4<<4, dqg Ghojdgr dqg Gxpdv +4<<5,1
Zh wkhuhiruh olplw rxuvhoyhv wr d eulhi ryhuylhz ri wkh pdlq prghoolqj fkrlfhv1 Vxevhtxhqwo|/
zh ghulyh wkh GMQ0prgho lq zklfk zh forvho| iroorz wkh ghulydwlrqv suhvhqwhg lq GMQ1 Zh
wkhq h{whqg wkh GMQ0prgho e| doorzlqj iru dv|pphwulf exughq vkdulqj lq wkh ghwhuplqdwlrq
ri grphvwlf dqg iruhljq lqwhuhvw udwhv1
Wkh +orjdulwkp ri wkh, ixqgdphqwdo yduldeoh/ i / lv dvvxphg wr iroorz uhjxodwhg Eurzqldq
prwlrq zlwk guliw1 Lwv hyroxwlrq zloo eh frqvwudlqhg e| wkh h{lvwhqfh ri d orzhu dqg dq xsshu
edqg olplw/ i dqg i= Dw wkhvh erxqgdulhv/ wkh ixqgdphqwdo lv lqvwdqwdqhrxvo| uh hfwhg edfn
lqwr lwv  xfwxdwlrq edqg1 Wkh vwrfkdvwlf surfhvv iru i lv wkhuhiruh whuphg uh hfwhg ru uhjxodwhg
Eurzqldq prwlrq dqg fdq eh zulwwhq dv=
gi @ gw. g} +w, . gO gX> +4,
zkhuh gO dqg gX duh lqqlwhvlpdo uhjxodwruv wkdw duh dfwlydwhg zkhq wkh ixqgdphqwdo uhdfkhv
hlwkhu ri wkh erxqgdulhv1
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Wkh orj h{fkdqjh udwh/ v/ dqg lwv gulylqj ixqgdphqwdo duh olqnhg wkurxjk wkh orj0olqhdu dvvhw
sulflqj htxdwlrq=
v @ i . 
H^gv`
gw
> +5,
zlwk  A 3 dqg H ghqrwlqj wkh h{shfwdwlrqv rshudwru1: Wkxv/ wkh h{fkdqjh udwh htxdov wkh
vxp ri wkh ixqgdphqwdo dqg d idfwru sursruwlrqdo wr lwv rzq h{shfwhg fkdqjh1
H{suhvvlqj wkh h{fkdqjh udwh dv dq h{solflw ixqfwlrq ri wkh ixqgdphqwdo dqg dvvxplqj wklv
ixqfwlrq wr eh wzlfho| glhuhqwldeoh lq i doorzv iru wkh dssolfdwlrq ri Lw÷*v ohppd1 Wkh
h{shfwdwlrqv whup lq Ht1 +5, wkhq lv=
H^gv +i,`
gw
@ 
gv +i,
gi
.
4
5
2
g2v +i,
gi2
= +6,
Wkh lqwhuhvw udwh glhuhqwldo lv rewdlqhg wkurxjk dvvxplqj xqfryhuhg lqwhuhvw udwh sdulw| ru
+u_  us , @
H^gv`
gw
/
zklfk e| Ht1 +6, htxlydohqwo| fdq eh zulwwhq dv
+u_  us , @ 
gv +i,
gi
.
4
5
2
g2v +i,
gi2
= +7,
Ehiruh surfhhglqj lw lv xvhixo wr glvfxvv wkh dvvxpswlrq ri xqfryhuhg lqwhuhvw udwh sdulw|1 Wkh
lqwhuhvw udwh glhuhqwldo lv dvvxphg wr uh hfw rqo| wkh h{shfwhg h{fkdqjh udwh fkdqjh1 Ulvn
suhpld duh suhvxphg wr eh devhqw1 Wklv dvvxpswlrq vhhpv dffhswdeoh zlwklq d prgho wkdw lv
exlow xsrq wkh dvvxpswlrq ri fuhglelolw| ri wkh wdujhw }rqh1 Pruhryhu/ Vyhqvvrq +4<<5, dujxhv
wkdw hyhq lq wkh suhvhqfh ri uhdoljqphqw ulvn/ ulvn suhpld duh yhu| vpdoo dqg qhjoljleoh1
Ht1 +7, lqglfdwhv wkdw wkh lqwhuhvw udwh glhuhqwldo lq wkh GMQ0prgho lv ghwhuplqhg hq0
grjhqrxvo|1 Wkxv/ wkh lqwhuhvw udwh glhuhqwldo zloo ghshqg rq wkh srvlwlrq ri wkh h{fkdqjh
udwh zlwklq lwv  xfwxdwlrq udqjh1 Wklv fohduo| lv d ghvludeoh ihdwxuh dv dujxhg lq Nuxjpdq
+4<<4, dqg glvfxvvhg lq pruh ghwdlo lq Vyhqvvrq +4<<4,1
Vr idu/ zh gr qrw kdyh lqirupdwlrq rq wkh ohyho ri wkh grphvwlf dqg wkh iruhljq lqwhuhvw
udwhv1 Nqrzohgjh ri wkh grphvwlf lqwhuhvw udwh ohyho zloo ehfrph qhfhvvdu| zkhq vroylqj wkh
sduwldo glhuhqwldo htxdwlrq wkdw dulvhv lq rswlrq sulflqj1 Zh iroorz wkh prghoolqj fkrlfh ri
GMQ zkr ghqh grphvwlf dqg iruhljq lqwhuhvw udwhv durxqg dq h{rjhqrxv fhqwudo lqwhuhvw udwh/
u1 Lq frqwudvw wr wkhlu dvvxpswlrq ri v|pphwu|/ zh doorz iru dv|pphwulf exughq vkdulqj e|
lqwurgxflqj wkh sdudphwhu =;
u_ @ u. 


gv +i,
gi
.
4
5
2
g2v +i,
gi2

>
:Wlph vxevfulswv duh rplwwhg iru qrwdwlrqdo euhylw|1 Wkh h{fkdqjh udwh lv ghqhg dv wkh qxpehu ri grphvwlf
fxuuhqf| xqlwv uhtxluhg iru rqh xqlw ri wkh iruhljq fxuuhqf|1
;Hnydoo/ Mhqqhujuhq dqg Qçvoxqg +4<<8, suhvhqw d vlplodu h{suhvvlrq exw gr qrw glvfxvv lw lq whupv ri wkh
srwhqwldo ri dv|pphwulf exughq vkdulqj1 Pruhryhu/ lq wkhlu vlpxodwlrqv wkh| uhvwulfwlrq dwwhqwlrq wr wkh ydoxh

2
/ l1h1 wkh fdvh ri v|pphwu|1
8
+8,
us @ u +4 ,


gv +i,
gi
.
4
5
2
g2v +i,
gi2

>
zlwk 3    41 Wkh GMQ0prgho dvvxphv  @ 
2
zklfk lqgxfhv v|pphwulf exughq vkdulqj dv
zloo eh judsklfdoo| looxvwudwhg ehorz1 Frpsohwh dv|pphwu| dulvhv iru  ehlqj htxdo wr 3 ru 41
Lqfrpsohwho| dqg dv|pphwulfdoo| glvwulexwhg exughq vkdulqj uhvxowv iru ydoxhv glhuhqw iurp

2
dqg wkh wzr hqgsrlqwv ri wkh lqwhuydo1
Zh qrz looxvwudwh wkh lpsdfw dqg uroh ri wkh idfwru 1 Sdqhov +d,/ +e, dqg +f, lq Iljxuh
4 ghslfw grphvwlf dqg iruhljq lqwhuhvw udwhv iru  htxdo wr 3/ 
2
dqg 4/ uhvshfwlyho|1 Wkh
h{fkdqjh udwh edqg olplwv duh vhw dw 4=4353 dqg 4=48541< Wkh frh!flhqwv  dqg  htxdo 3 dqg
3=4/ uhvshfwlyho|1 Wkh vhqvlwlylw| sdudphwhu  lv dvvxphg wr eh 3=: dqg wkh fhqwudo lqwhuhvw
udwh u dprxqwv wr 3=3;1 Wkh krul}rqwdo d{lv vshflhv wkh h{fkdqjh udwh edqg1 Wkh vrolg olqh
uhsuhvhqwv wkh grphvwlf lqwhuhvw udwh/ zkhuhdv wkh iruhljq lqwhuhvw udwh lv jlyhq e| wkh grwwhg
olqh1
Wkh exughq vkdulqj sdudphwhu  htxdov 3 lq sdqho +d,1 Vxewudfwlqj wkh iruhljq lqwhuhvw
udwh iurp wkh grphvwlf lqwhuhvw udwh/ l1h1 fdofxodwlqj wkh lqwhuhvw udwh glhuhqwldo/ looxvwudwhv
wkh zhoo0nqrzq suhglfwlrq iurp wkh wdujhw }rqh olwhudwxuh wkdw wkh ohyho ri wkh h{fkdqjh udwh
dqg wkh lqwhuhvw udwh glhuhqwldo duh qhjdwlyho| olqnhg wrjhwkhu1 Lqghhg/ wkh h{fkdqjh udwh
lv h{shfwhg wr uhwxuq wr wkh fhqwuh ri wkh edqg zkhq lw lv vlwxdwhg forvh wr lwv xsshu olplw
dqg wkh lqwhuhvw udwh glhuhqwldo wkhuhiruh kdv wr ghfuhdvh1 Iru  htxdo wr }hur/ wkh grphvwlf
lqwhuhvw udwh zloo eh frqvwdqw1 Wkh iruhljq lqwhuhvw udwh kdv wr frpsohwho| fduu| wkh exughq ri
ghihqglqj wkh wdujhw }rqh1 Wklv vhw0xs zrxog dulvh zkhq wkh iruhljq frxqwu| xqlodwhudoo| shjv
lwv fxuuhqf| wr wkh grphvwlf fxuuhqf|1 Wklv vlwxdwlrq zrxog dovr uhvxow zkhq wkh grphvwlf
frxqwu| lv wkh fhqwuh ri dq dv|pphwulfdoo| ixqfwlrqlqj pxowlodwhudo wdujhw }rqh1
Lqvhuw Iljxuh 41
Sdqho +e, ghslfwv lqwhuhvw udwhv iru  @ 
2
1 Wkh uhvsrqvh lq wkh lqwhuhvw udwh glhuhqwldo
qrz zloo eh eurxjkw derxw e| v|pphwulfdo pryhphqwv lq erwk wkh grphvwlf dqg wkh iruhljq
lqwhuhvw udwhv1 Pruhryhu/ wkh uhdfwlrq lq wkh wzr lqwhuhvw udwhv dlpv lq wkh vdph gluhfwlrq lq
wkh vhqvh ri zlghqlqj wkh lqwhuhvw udwh glhuhqwldo1
Wkh exughq vkdulqj sdudphwhu  lv vhw dw xqlw| lq sdqho +f,1 Wkh iruhljq lqwhuhvw udwh
zloo eh lqghshqghqw ri wkh srvlwlrq ri wkh h{fkdqjh udwh zlwklq lwv wdujhw }rqh dv wkh iruhljq
frxqwu| lv qrw uhtxluhg ru zloolqj wr vkduh sduw ri wkh exughq ri lqwhuyhqwlrq1 Dv h{fkdqjh
udwhv kdyh wzr vlghv/ wkh h{dpsohv phqwlrqhg lq wkh glvfxvvlrq ri sdqho +d, fdq vlpso| eh
lqyhuwhg1
<Wkhvh ydoxhv fruuhvsrqg wr wkh 22DI wdujhw }rqh ri wkh Gxwfk jxloghu ylv0ã0ylv wkh Jhupdq pdun lq wkh
odwhvw vwdjh ri wkh HUP ehiruh wkh vwduw ri wkh Hxurshdq Prqhwdu| Xqlrq1
9
Diwhu gljuhvvlqj rq wkh zd| lqwhuhvw udwhv duh prghoohg zh qrz ghulyh wkh rswlrq sulflqj
prgho1 Wkh prgho lv h{solflwo| ghyhorshg iru wkh ixqgdphqwdo prylqj ehwzhhq lwv  xfwxdwlrq
olplwv1 Wkh suhvhqfh ri wkh wdujhw }rqh/ dqg wkxv vprrwk sdvwlqj/ zloo eh lqwurgxfhg odwhu
wkurxjk wkh dssursuldwh erxqgdu| frqglwlrqv1
Wkh g|qdplfv ri wkh orj h{fkdqjh udwh duh rewdlqhg wkurxjk h{suhvvlqj wkh h{fkdqjh udwh dv
dq h{solflw ixqfwlrq ri wkh ixqgdphqwdo dqg dsso|lqj Lw÷*v ohppd=
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Lq wkh qh{w vwhs/ zh vshfli| wkh g|qdplfv ri wkh h{fkdqjh udwh ohyho V lq rughu wr suhsduh
wkh jurxqg iru wkh dssolfdwlrq ri wkh idploldu duelwudjh uhodwlrqv1 Ghqlqj V @ h{s +v, dqg
dsso|lqj Lw÷*v ohppd jlyhv=
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zkhuh 7 +V, dqg 7 +V, ghqrwh wkh lqvwdqwdqhrxv guliw dqg glxvlrq frh!flhqwv ri wkh vwr0
fkdvwlf surfhvv ri V1 Zh surfhhg e| ghulylqj vlplodu h{suhvvlrqv iru wkh vwrfkdvwlf surfhvv ri
wkh fxuuhqf| rswlrq1 Ghqh F +V> , dv wkh grphvwlf fxuuhqf| sulfh ri d fdoo rswlrq vshflhg
lq whupv ri wkh grphvwlf pdunhw1 F +V> , lv d ixqfwlrq ri wkh h{fkdqjh udwh ohyho/ V/ dqg wkh
wlph xqwlo h{sludwlrq/  1 Dssolfdwlrq ri Lw÷*v ohppd |lhogv=
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zlwk  +V> , dqg  +V> , ehlqj wkh lqvwdqwdqhrxv frh!flhqwv ri wkh rswlrq sulfh surfhvv1
:
Wkh xvxdo duelwudjh uhodwlrqv uhtxluh wkh grphvwlf lqyhvwru wr eh lqglhuhqw ehwzhhq lqyhvwlqj
lq wkh h{fkdqjh udwh dqg lq wkh rswlrq/ ru43
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Wkh uvw dqg vhfrqg whupv lq Ht1 +;, htxdo }hur lq ylhz ri wkh dvvxpswlrq ri ulvn0qhxwudolw|1
Lq zrugv/ wkh h{shfwhg guliw ri wkh h{fkdqjh udwh frlqflghv zlwk lwv ulvn0qhxwudo htxlydohqw
zklfk lv wkh lqwhuhvw udwh glhuhqwldo1 Vlploduo|/ wkh guliw ri wkh rswlrq kdv wr eh htxdo wr wkh
grphvwlf ulvn0iuhh lqwhuhvw udwh1
Soxjjlqj Htv1 +9, dqg +:, lqwr Ht1 +;,/ h{suhvvlqj wkh lqwhuhvw udwh glhuhqwldo lq whupv ri
Ht1 +7, dqg wkh grphvwlf lqwhuhvw udwh yld Ht1 +8, wkhq jlyhv wkh iroorzlqj sduwldo glhuhqwldo
htxdwlrq=
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Ht1 +<, vkrzv wkdw wkh rswlrq sulfh zloo ghshqg rq wkh ghjuhh ri exughq vkdulqj/ 1 Glhuhqw
sulfhv wkxv uhvxow iru glhuhqw w|shv ri wdujhw }rqh duudqjhphqwv dv wkh grphvwlf lqwhuhvw udwh
zloo uhvsrqg glhuhqwo| dfurvv uhjlphv1
Wkh GMQ0prgho lv frqvlvwhqw zlwk wkh +xquhvwulfwhg, prgho ri Jdupdq dqg Nrkokdjhq
+4<;6, zkhq wkh wdujhw }rqh jurzv lqqlwho| zlgh/ l1h1 iru i$ 4 dqg i $ .41 Ht1 +<,
wkhq uhgxfhv wr wkh ydoxdwlrq htxdwlrq ri Jdupdq dqg Nrkokdjhq +4<;6,=
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Qrwh wkdw  lq Ht1 +43, ghqrwhv wkh lqvwdqwdqhrxv vwdqgdug ghyldwlrq ri wkh h{fkdqjh udwh
zklfk lv dvvxphg wr iroorz wkh iroorzlqj vwrfkdvwlf surfhvv gV @ Vgw . Vg} +w,1 Wkh
frh!flhqwv ri wkh vhfrqg dqg irxuwk whupv lq Ht1 +<, fdq eh uhsodfhg e| +u_  us , dqg u_1
Vxevhtxhqwo|/ zh kdyh wr vkrz wkdw wkh olplw ri

gv +i,
gi


/ wkh frh!flhqw ri wkh uvw whup/
htxdov / zkhuh wkh glxvlrq frh!flhqwv uhodwh wr wkh orj ixqgdphqwdo dqg wkh orj h{fkdqjh
udwh/ uhvshfwlyho|1 Xqghu wkh iuhh  rdw/ wkh h{fkdqjh udwh vroxwlrq fdq eh zulwwhq dv v @ i.
dqg wkh ghulydwlyh ri v wr i lv xqlw|1 Dv  dqg  duh dvvxphg wr eh frqvwdqw/ wkh glxvlrq
frh!flhqwv ri v/ lq wkh vshflfdwlrq ri Jdupdq dqg Nrkokdjhq +4<;6,/ dqg i zloo eh lghqwlfdo1
Ehiruh surfhhglqj zh glvfxvv wkh uhodwlrq ehwzhhq wkh sulflqj prghov ri GMQ/ Jdupdq
dqg Nrkokdjhq +4<;6, dqg wkh UJEP0prgho wkdw zloo eh ghyhorshg lq Vhfwlrq 61 Wkh GMQ0
prgho dffrxqwv iru wkh fxuydwxuh hhfw dqg wkh erxqgdulhv lpsolhg e| wkh suhvhqfh ri wkh
43Vhh iru lqvwdqfh Jdupdq dqg Nrkokdjhq +4<;6,1
;
wdujhw }rqh duudqjhphqw1 Wkh prgho ri Jdupdq dqg Nrkokdjhq +4<;6, wdnhv qhlwkhu ri wkhvh
wzr wdujhw }rqh fkdudfwhulvwlfv lqwr frqvlghudwlrq1 Wklv fdq eh vhhq iurp wkh glhulqj qdwxuh
ri wkh frh!flhqwv ri wkh uvw whupv lq Htv1 +43, dqg +<,/ iurp wkh ghqlwlrq ri wkh lqwhuhvw
udwh +glhuhqwldo, dqg wkh suhvhqfh ri erxqgdu| frqglwlrqv lq wkh fdvh ri wkh GMQ0prgho1
Wkh UJEP0prgho glhuv iurp wkh prgho ri Jdupdq dqg Nrkokdjhq +4<;6, e| h{solflwo|
wdnlqj lqwr dffrxqw wkh wdujhw }rqh erxqgdulhv144 Lq rwkhu zrugv/ wkh prgho ri Jdupdq
dqg Nrkokdjhq +4<;6,/ zkhq dssolhg wr wdujhw }rqh h{fkdqjh udwhv/ uhyhdov wzr wkhruhwlfdo
zhdnqhvvhv/ qrwdeo| wkh devhqfh ri wkh fxuydwxuh hhfw dqg wkh erxqgdu| frqglwlrqv1 Wkh
UJEP0prgho lqwurgxfhv erxqgdu| frqglwlrqv exw zloo qrw eh deoh wr hpehg wkh uhvxowlqj
fxuydwxuh hhfwv1 Wkh GMQ0prgho lv wkhruhwlfdoo| vxshulru wr wkh sulru wzr prghov dv erwk
fxuydwxuh dqg erxqgdulhv duh exlow lq1
Lq zkdw iroorzv/ wkh ydoxdwlrq htxdwlrq lq Ht1 +<, zloo eh vroyhg qxphulfdoo|1 Iru uhdvrqv
ri frqyhqlhqfh lw zloo eh h{suhvvhg lq whupv ri wkh ixqgdphqwdo i 1 Wklv uhtxluhv d grxeoh
wudqvirup1 Iluvw/ wkh rswlrq frqwudfw lv ghqhg lq whupv ri wkh orj h{fkdqjh udwh v1 Vhfrqg/
wkh sulflqj htxdwlrq lv uhzulwwhq wkurxjk dvvxplqj wkh rswlrq frqwudfw wr eh d gluhfw ixqfwlrq
ri wkh ixqgdphqwdo i dqg wkh wlph wr pdwxulw|  / l1h1 F +i> , = Wklv |lhogv wkh iroorzlqj
sduwldo glhuhqwldo htxdwlrq=
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Ht1 +44, lv vxemhfw wr rqh lqlwldo frqglwlrq dqg wzr erxqgdu| frqglwlrqv1 Wkh lqwldo frqglwlrq
lv wkh sd|0r ixqfwlrq ri wkh Hxurshdq fdoo rswlrq/ qdpho|
F +i> 3, @ pd{ ^3> h{s+v +i,,N` > +45,
zkhuh N ghqrwhv wkh h{huflvh sulfh1 Wkh erxqgdu| frqglwlrqv iroorz iurp wkh vprrwk sdvwlqj
frqglwlrqv1 Wdqjhqf| pxvw krog iru wkh orj h{fkdqjh udwh zlwk uhvshfw wr wkh erxqgdulhv
ri wkh  xfwxdwlrq udqjh iru wkh ixqgdphqwdo1 Wklv uhtxluhphqw orjlfdoo| h{whqgv wr V dqg
frqvhtxhqwo| dovr wkh rswlrq sulfh F +V> , kdv wr eh wdqjhqw wr wkh erxqgdulhv ri wkh ixqgd0
phqwdo edqg1 Wkh grxeoh wudqvirup wkdw ohg iurp Ht1 +<, wr Ht1 +44, doorzv xv wr h{suhvv
wkh erxqgdu| frqglwlrqv lq whupv ri F +i> ,=
CF +i> ,
Ci

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44Wkh sulflqj htxdwlrqv iru erwk prghov duh lghqwlfdo1 Exw lq wkh fdvh ri wkh UJEP0prgho wkh sduwldo
glhuhqwldo htxdwlrq lv wr eh vroyhg vxemhfw wr wzr erxqgdu| frqglwlrqv1 Vhfwlrq / krzhyhu/ zloo iroorz d
glhuhqw vwudwhj| e| vshfli|lqj wkh frqglwlrqdo ghqvlw| ixqfwlrq iru wkh h{fkdqjh udwh dqg xwlol}lqj wkh ulvn0
qhxwudo ydoxdwlrq dssurdfk1
<
Htv1 +44,/ +45, dqg +46, vshfli| wkh rswlrq sulflqj prgho ri GMQ h{whqghg wr wkh srvvlelolw|
ri xqhtxdo exughq vkdulqj1
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Wkh sulflqj prgho ri GMQ kdv wzr ghvludeoh ihdwxuhv1 Iluvw/ wkh prgho lv hpehgghg lq d vlp0
soh exw h{solflw wdujhw }rqh prgho wkdw vdwlvhv wkh qr0h{shfwhg0duelwudjh0surwv frqglwlrq1
Vhfrqg/ lqwhuhvw udwhv duh ghulyhg hqgrjhqrxvo| zklfk lv dovr lq olqh zlwk +lqwxlwlyh, suhuht0
xlvlwhv iurp wkh wdujhw }rqh olwhudwxuh1 Wkh prgho/ krzhyhu/ kdv d vhulrxv gudzedfn iurp wkh
srlqw ri ylhz ri sudfwlfdo dssolfdwlrq1 Wkh qxpehu ri sulflqj lqsxwv lv txlwh h{whqvlyh dqg
uhtxluhv sulruv rq wkh ohyho ri wkh vhqvlwlylw| sdudphwhu  dv zhoo dv wkh frh!flhqwv ri wkh
vwrfkdvwlf surfhvv ri wkh ixqgdphqwdo1 Lqihuhqfh rq wkhvh sdudphwhuv lv idu iurp hdv| dv wkh
h{whqvlyh olwhudwxuh rq wkh ohyho ri  douhdg| lqglfdwhv1
Rqh frxog wkhuhiruh dvn zkhwkhu d sulflqj prgho exlow durxqg uh hfwhg jhrphwulf Eurzq0
ldq prwlrq frxog eh d zrundeoh dowhuqdwlyh1 Vxfk d prgho kdv wkh lqwxlwlyh dgydqwdjh ri
ehlqj d vwudljkwiruzdug h{whqvlrq ri wkh zhoo0nqrzq sulflqj iudphzrun ri Eodfn dqg Vfkrohv
+4<:6,1 Prvw lpsruwdqw iru sudfwlfdo sxusrvhv lv wkh idfw wkdw/ vlploduo| wr Eodfn dqg Vfkrohv
+4<:6,/ rqo| rqh xqnqrzq sdudphwhu zloo eh uhtxluhg lq sulflqj/ qdpho| wkh lqvwdqwdqhrxv
vwdqgdug ghyldwlrq ri wkh xqghuo|lqj dvvhw1 Qrwh wkdw wkh UJEP0prgho dulvhv dv wkh olplw
fdvh ri GMQ zkhq hydoxdwlqj wkh olplw iru  jrlqj wr }hur145 Wklv olplw/ krzhyhu/ eulqjv xv
wr wkh wkhruhwlfdo gudzedfnv ri wkh UJEP0prgho1 Qrqolqhdulwlhv lq wkh h{fkdqjh udwh duh
uxohg rxw dv pdunhwv duh qr orqjhu iruzdug0orrnlqj1 Dovr/ vprrwk sdvwlqj zloo eh devhqw ru
wkh qr0h{shfwhg0duelwudjh0surwv frqglwlrq fdq eh ylrodwhg1 Pruhryhu/ wkh lqwurgxfwlrq ri
wkh frqglwlrqdo ghqvlw| lqwr wkh sulflqj iudphzrun/ dv sxuvxhg ehorz/ zloo dvvxph frqvwdqw
lqwhuhvw udwhv1
Lw uhpdlqv/ krzhyhu/ wr eh dqvzhuhg wr zkdw h{whqw wkhvh wkhruhwlfdo zhdnqhvvhv ri wkh
UJEP0prgho duh ri sudfwlfdo lpsruwdqfh1 Iluvw ri doo/ hylghqfh ri qrqolqhdulwlhv lv zhdn ru
devhqw lq wkh hpslulfdo wdujhw }rqh olwhudwxuh1 Ixuwkhupruh/ dqg uhodwhg wr wkh uvw uhpdun/
h{fkdqjh udwhv whqg wr vshqg pxfk ohvv wlph qhdu wkh hgjhv ri wkh wdujhw }rqh dv suhglfwhg
e| wkhruhwlfdo prghov1 Pruhryhu/ rswlrq sulflqj olwhudwxuh grhv qrw srlqw wr d vljqlfdqw
+sudfwlfdo, dgydqwdjh ri vwrfkdvwlf ryhu frqvwdqw lqwhuhvw udwhv1 Ru/ dssur{lpdwlqj wkh GMQ0
prgho e| wkh UJEP0prgho pd| eh dq lqwhuhvwlqj dowhuqdwlyh1
45Wkh vwrfkdvwlf surfhvv iru r wkhq vlpso| frlqflghv zlwk wkh vwrfkdvwlf vshflfdwlrq ri s dv fdq eh vhhq
iurp Ht1 +5,1 Ru/ r iroorzv uh hfwhg Eurzqldq prwlrq dqg 7 iroorzv uh hfwhg jhrphwulf Eurzqldq prwlrq1
43
Wklv vhfwlrq ghyhorsv wkh UJEP0prgho1 Wkh uvw vxevhfwlrq vshflhv wkh frqglwlrqdo ghq0
vlw| ixqfwlrq ri uh hfwhg jhrphwulf Eurzqldq prwlrq1 Wkh vhfrqg vxevhfwlrq surfhhgv e|
fdofxodwlqj Hxurshdq fdoo rswlrq sulfhv yld wkh ulvn0qhxwudo ydoxdwlrq dssurdfk1
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Wkh h{fkdqjh udwh ohyho V lv dvvxphg wr iroorz jhrphwulf Eurzqldq prwlrq1 Vxshulpsrvhg rq
wklv surfhvv duh wzr erxqgdulhv dw zklfk wkh h{fkdqjh udwh zloo eh lqvwdqwdqhrxvo| uh hfwhg1
Ghqrwh wkh xsshu dqg orzhu erxqgdu| e| V dqg V/ uhvshfwlyho|1 Zh kdyh=
gV @ Vgw. Vg} +w, >
ehwzhhq wkh erxqgdulhv dqg lqvwdqwdqhrxv uh hfwlrq dw V dqg V= Wkh wudqvirup v @ oqV
|lhogv wkh iroorzlqj vwrfkdvwlf surfhvv iru wkh orj h{fkdqjh udwh=
gv @ +
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zlwk uh hfwlrq dw wkh orj ri wkh ruljlqdo erxqgdulhv/ l1h1 dw v dqg v= Wkh vroxwlrq wr wklv
vwrfkdvwlf glhuhqwldo htxdwlrq lv wkh wudqvlwlrq ru frqglwlrqdo suredelolw| ghqvlw| ixqfwlrq
ri v wkdw lv ghqrwhg e| s +v> w> vf> wf,1 Lw vshflhv wkh ghqvlw| zlwk uhvshfw wr wkh lqwldo +ru
suhvhqw, vwdwh vf dqg wkh lqwldo +ru suhvhqw, srlqw ri wlph wf1 Wkh ghqvlw| ixqfwlrq iru dulwk0
phwlf Eurzqldq prwlrq zlwk guliw ehwzhhq wzr uh hfwlqj erxqgdulhv lv ghulyhg lq Yhhvwudhwhq
+5333d,1 Dssursuldwho| dgdswlqj wkh guliw dqg wkh erxqgdulhv lq klv Ht1 +44, jlyhv=
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g| ghqrwhv wkh fxpxodwlyh vwdqgdug qrupdo glvwulexwlrq
ixqfwlrq dqg  @   
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21 Qh{w/ zh wudqvirup wklv frqglwlrqdo ghqvlw| ixqfwlrq lqwr wkh
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ghqvlw| iru wkh ruljlqdo yduldeoh V= Uhsodflqj w dqg wf e| W dqg w/ uhvshfwlyho| dqg dsso|lqj
d vlpsoh fkdqjh ri yduldeoh wkhq |lhogv=46
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Ht1 +47, vshflhv wkh frqglwlrqdo ghqvlw| ixqfwlrq iru uhjxodwhg jhrphwulf Eurzqldq prwlrq
zlwk guliw ehwzhhq wkh wzr uh hfwlqj eduulhuv V dqg V1
H{dplqlqj wkh xquhvwulfwhg grpdlq jlyhv=
olp
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+48,
zklfk/ dv uhtxluhg/ lv wkh xquhvwulfwhg glvwulexwlrq ixqfwlrq jlyhq lq iru lqvwdqfh Dlwfklvrq
dqg Eurzq +4<:6,147
46Wkh qhfhvvdu| frqglwlrqv fdq eh irxqg lq Wkhruhp 44 lq Prrg/ Jud|eloo dqg Erhv +4<:7,/ s1 5331
47 Lq ghulylqj wklv uhvxow/ zh frqvlghuhg lq wxuq hdfk ri wkh irxu whupv lq Ht1 +47,1 Wkh olplw iru wkh uvw
whup htxdov wkh ghqvlw| lq Ht1 +48, dv doo wkh hohphqwv lq wkh vxp iru zklfk ? glhuv iurp f zloo eh }hur dv
wkhlu olplw fdq eh h{suhvvhg dv i T E3"  Doo hohphqwv lq wkh vhfrqg whup ydqlvk iru wkh vdph uhdvrq1 Wkh
wklug whup dovr frpsohwho| ydqlvkhv dv hdfk ri wkh hohphqwv lq wkh vxp/ lq d vw|ol}hg pdqqhu/ fdq eh uhzulwwhq
45
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Zh qrz zloo zrun wrzdugv wkh ydoxdwlrq irupxod iru wkh Hxurshdq fdoo rswlrq1 Lq olqh zlwk
wkh dssurdfk ri Jdupdq dqg Nrkokdjhq +4<;6, zh dvvxph lqwhuhvw udwhv wr eh frqvwdqw1 Ulvn0
qhxwudo ydoxdwlrq lqyroyhv vzlwfklqj iurp wkh ruljlqdo suredelolw| phdvxuh wr wkh ulvn0qhxwudo
suredelolw| phdvxuh1 Wklv erlov grzq wr uhsodflqj wkh ruljlqdo guliw idfwru  e| lwv ulvn0qhxwudo
htxlydohqw zklfk lv wkh lqwhuhvw udwh glhuhqwldo148 Wkxv/  lq wkh ghqlwlrq ri wkh idfwru 
lq Ht1 +47, lv wr eh uhsodfhg e| +u_  us ,1 Wkh vwdwh0ghshqghqw sd|0r ri wkh Hxurshdq fdoo
rswlrq zlwk h{huflvh sulfh N fdq eh zulwwhq dv pd{ ^3> VA N` zkhuh V  N  V1 Wkh sulfh
ri wkh Hxurshdq fdoo rswlrq frqwudfw dw wlph w wkhq lv=
F +V> , @ h{s +u_ +W  w,,
7]
7
pd{ ^3> VA N` s +VA > W >V|> w,m>'o_3os gVA = +49,
Wkuhh qrwhv duh wr eh pdgh1 Iluvw/ ydoxdwlrq lv sxuvxhg xqghu wkh dvvxpswlrq ri ulvn qhxwudolw|
ru devhqfh ri ulvn suhpld1 Lq wkh fdvh ri d qduurz wdujhw }rqh vxfk d vwduwlqj srlqw lv zduudqwhg
lq ylhz ri wkh diruh0phqwlrqhg uhvxowv ri Vyhqvvrq +4<<5,1 Vhfrqg/ zh dssolhg wkh vzlwfk
ehwzhhq wkh ruljlqdo suredelolw| phdvxuh dqg wkh ulvn0qhxwudo phdvxuh wr d uhvwulfwhg surfhvv1
Wkh suhvhqfh ri uh hfwlqj erxqgdulhv grhv qrw lpsdlu prylqj ehwzhhq wkhvh wzr phdvxuhv1
Lqghhg/ xqghu wkh ruljlqdo phdvxuh wkh suredelolw| ri qglqj h{fkdqjh udwhv rxwvlgh ri wkh
+fuhgleoh, wdujhw }rqh lv }hur1 Wklv orjlfdoo| uhtxluhv wkdw wkh fruuhvsrqglqj suredelolw|
xqghu wkh htxlydohqw phdvxuh dovr pxvw eh }hur1 Ru/ wkh suhvhqfh dqg orfdwlrq ri uh hfwlqj
erxqgdulhv kdv qr hhfw rq vzlwfklqj ehwzhhq phdvxuhv1 Wklug/ wdnlqj wkh olplwv wr wkh
xquhvwulfwhg fdvh |lhogv wkh sulflqj htxdwlrq ri Jdupdq dqg Nrkokdjhq +4<;6, dv wkh olplw ri
wkh ulvn0qhxwudo ghqvlw| htxlydohqw ri Ht1 +47, |lhogv wkh ulvn0qhxwudo ghqvlw| ri xquhvwulfwhg
jhrphwulf Eurzqldq prwlrq wkdw fdq eh rewdlqhg yld Ht1 +48,1
) *
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Zh uvw looxvwudwh wkh lpsdfw ri glhuhqw ydoxhv iru wkh exughq vkdulqj sdudphwhu rq wkh GMQ0
rswlrq ydoxh1 Wkhvh vlpxodwlrqv doorz xv wr dvvhvv wkh hhfw rq rswlrq sulfhv ri glhulqj w|shv
ri wdujhw }rqh duudqjhphqwv1 Wkh vhfrqg vxevhfwlrq h{dplqhv sulflqj glhuhqfhv ehwzhhq wkh
dv *4
5<n"
di T E@5 t3 xE5o zlwk @ ehlqj d srvlwlyh ru qhjdwlyh frqvwdqw1 Wklv whup lv }hur e| yluwxh ri
o*K÷slwdo*v uxoh1 Dovr wkh irxuwk whup hqwluho| ydqlvkhv dv *4
5<n"
di T E@5 x E5o ' f
48Htxlydohqwo|/ wkh ulvn0qhxwudo suredelolw| glvwulexwlrq ixqfwlrq lv wkh vroxwlrq wr wkh vwrfkdvwlf glhuhqwldo
htxdwlrq _7 ' Eo_ 3 os 7_|n j7_5 E| 
46
GMQ0prgho dqg wkh UJEP0prgho1 Wkh sxusrvh lv wr hydoxdwh zkhwkhu wkh uhgxfwlrq lq
ydoxdwlrq lqsxwv grhv qrw lpsdlu sulflqj dffxudf|1
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Wkh hhfw ri glhulqj ydoxhv iru  rq sulfhv lv dvvhvvhg iru wkh sdudphwhu ydoxhv wkdw xqghuolh
Iljxuh 41 Sdqhov +d,/ +e, dqg +f, lq Iljxuh 5 ghslfw rswlrq sulfhv jlyhq  @ 3> 
2
dqg 4/
uhvshfwlyho|149 Sulfhv duh pxowlsolhg e| 43331 Sdqhov +d, dqg +e, lq Iljxuh 6 pruh fohduo|
ghwdlo sulfh glhuhqfhv e| vxewudfwlqj sulfhv xqghu  @ 
2
dqg  @ 4 iurp sulfhv ri frqwudfwv
iru zklfk  lv dvvxphg wr eh }hur1 Wkh krul}rqwdo d{lv jlyhv wkh h{fkdqjh udwh wdujhw }rqh/
wkh olqhv wkxv uhsuhvhqw wkh rswlrq sulfh ixqfwlrqv ru wkh sulfh glhuhqfhv iru hyhu| srvvleoh
lqlwldo ydoxh ri wkh h{fkdqjh udwh1
Lqvhuw Iljxuhv 5061
Sdqhov +d,/ +e, dqg +f, looxvwudwh wkdw wkh erxqgdu| frqglwlrqv lq Ht1 +46, dovr fdxvh wkh
rswlrq sulfh ixqfwlrq wr kdyh wkh idploldu V0vkdsh1 Wkh hfrqrplf udwlrqdoh lv vlpsoh1 Wkh
qr0h{shfwhg0duelwudjh0surwv frqglwlrq uhtxluhv wkh h{fkdqjh udwh qrw wr kdyh glvfrqwlqxlwlhv
lq lwv vdpsoh sdwk xsrq lqwhuyhqwlrq lq wkh ixqgdphqwdo1 Dv wkh rswlrq sulfh lv ixqfwlrqdo
xsrq V dovr wkh rswlrq sulfh lv qrw wr mxps xsrq lqwhuyhqwlrq1 Rwkhuzlvh/ iuhh oxqfkhv zrxog
eh srvvleoh1 Wdqjhqf| dovr krogv iru wkh rswlrq sulfh dqg wkh V0vkdsh fduulhv ryhu wr wkh
rswlrq sulfh ixqfwlrq dv zhoo1 Wkh sdqhov vkrz wkdw sulfhv duh h{wuhpho| vpdoo1 Wklv lv gxh wr
wkh frpelqhg dvvxpswlrq ri d uhodwlyho| qduurz wdujhw }rqh dqg }hur guliw lq wkh ixqgdphqwdo1
Iljxuh 6 looxvwudwhv wkh hhfw ri wkh exughq vkdulqj sdudphwhu lq pruh ghwdlo1 Sdqho +d,
ghslfwv wkh glhuhqfh lq sulfh ehwzhhq rswlrq frqwudfwv iru zklfk  @ 3 dqg  @ 
2
1 D
ydoxh deryh }hur lqglfdwhv wkdw wkh frqwudfw iru zklfk  @ 3 lv zruwk pruh wkdq wkh frqwudfw
fkdudfwhul}hg e|  @ 
2
1 Sdqho +e, frpsduhv sulfhv iru  @ 3 yhuvxv  @ 41 Sulfh glhuhqfhv
lq erwk sdqhov duh rqo| srvlwlyh iru rswlrqv wkdw duh ghhs rxw0ri0wkh0prqh|4:/ zkhuhdv wkh
uhyhuvh krogv iru dw0 dqg lq0wkh0prqh| rswlrqv1 Forvhu h{dplqdwlrq ri wkh ohyhov lq sdqhov
+d, dqg +e, vkrzv wkdw wkhuh lv d fohdu rughu lq sulflqj glhuhqfhv1 Iru rxw0ri0wkh prqh|
rswlrqv wkh kljkhvw sulfh lv wr eh irxqg iru wkh frqwudfw lq zklfk  @ 3/ iroorzhg e| wkh
vshflfdwlrq lq zklfk  @ 
2
dqg qdoo|  @ 41 Wkh uhyhuvh krogv iru dw0 dqg lq0wkh0prqh|
rswlrqv1 Wkh h{sodqdwlrq lv vlpsoh dqg uhodwhv wr glvfrxqwlqj ri wkh ixwxuh sd|0rv1 Dv
qrwhg hduolhu/ wkh ohyho ri wkh exughq vkdulqj sdudphwhu grhv qrw hqwhu lq wkh g|qdplfv ri wkh
h{fkdqjh udwh qru dhfwv wkh lqwhuhvw udwh glhuhqwldo1 Lw rqo| dsshduv lq wkh irxuwk whup lq
49Rswlrq sulfhv khuh dqg lq wkh uhpdlqghu ri wkh sdshu duh dozd|v ghqrwhg lq wkh grphvwlf fxuuhqf| dqg
shuwdlq wr frqwudfwv vshflhg iru wkh grphvwlf pdunhw1
4:Uhphpehu wkdw wkh h{huflvh sulfh lv orfdwhg lq wkh plggoh ri wkh h{fkdqjh udwh edqg1
47
wkh sulflqj htxdwlrq ri Ht1 +<, zkhuh lw vwhhuv glvfrxqwlqj ri ixwxuh sd|0rv1 Wkh glvfrxqw
idfwru lv wkh grphvwlf lqwhuhvw udwh wkdw zloo ydu| lq ixqfwlrq ri wkh srvlwlrq ri wkh h{fkdqjh
udwh zlwklq lwv wdujhw }rqh1 Iurp Iljxuh 4/ zh nqrz wkdw wkh grphvwlf lqwhuhvw udwh/ lq fdvh
ri  @ 3/ zloo eh frqvwdqw dw wkh fhqwudo lqwhuhvw udwh1 Htxdo exughq vkdulqj/ l1h1  @ 
2
/
lpsolhv wkdw wkh grphvwlf lqwhuhvw udwh h{fhhgv wkh fhqwudo lqwhuhvw udwh lq wkh orzhu sduw ri
wkh edqg dqg idoov ehorz wkdw ohyho lq wkh xsshu sduw ri wkh wdujhw }rqh1 Ilqdoo|/ iru  @ 4
wkh vdph lv wuxh doehlw wkdw glhuhqfhv zlwk uhvshfw wr wkh fhqwudo lqwhuhvw udwh duh odujhu +lq
devroxwh ydoxh,1 Qrwh/ wkdw wkhuh zloo rqo| eh d srvlwlyh sd|0r dw pdwxulw| gdwh zkhq wkh
h{fkdqjh udwh ulvhv deryh wkh fhqwudo sdulw| dw zklfk ohyho zh kdyh vhw wkh h{huflvh sulfh1 Iru
rswlrqv wkdw duh ghhs rxw0ri0wkh prqh|/ wklv uhtxluhv wkh h{fkdqjh udwh wr pryh wkurxjk d
odujh vhjphqw ri wkh orzhu sduw ri wkh h{fkdqjh udwh edqg lq rughu wr dwwdlq wkh surw }rqh1
Wkxv/ wkh grphvwlf lqwhuhvw udwh zloo eh vwurqjo| deryh wkh fhqwudo lqwhuhvw udwh wkurxjkrxw
wklv vhjphqw iru  @ 41 Ru/ glvfrxqwlqj zloo hperg| prvwo| lqwhuhvw udwhv wkdw duh orfdwhg
idu deryh wkh fhqwudo lqwhuhvw udwh1 Lq fdvh ri  ehlqj htxdo wr 
2
orzhu grphvwlf lqwhuhvw
udwhv hqwhu wkh glvfrxqw idfwru1 Dv d uhvxow/ wkh rswlrq sulfh zloo h{fhhg wkh rqh uhvxowlqj iru
 @ 41 Dsso|lqj wkh vdph uhdvrqlqj iru  @ 3 wkhq vkrzv wkdw rswlrq sulfhv pxvw ghfuhdvh
wkh kljkhu wkh exughq vkdulqj sdudphwhu  ehfrphv1 Wkh uhyhuvh rughu krogv iru dw0 dqg
lq0wkh prqh| rswlrqv1 Wklv lv h{sodlqhg e| wkh idfw wkdw wkh xsshu vlgh ri wkh wdujhw }rqhv
ehfrphv lqfuhdvlqjo| pruh lpsruwdqw14; Grphvwlf lqwhuhvw udwhv lq wkdw vhjphqw zloo eh orzhu
iru odujhu ydoxhv ri 1 Dv d uhvxow/ rswlrq sulfhv zloo eh srvlwlyho| olqnhg wr wkh ydoxh ri 1
Iljxuhv 5 dqg 6 wkxv uhyhdo wkdw wkh ghjuhh ri exughq vkdulqj kdv d +olplwhg, hhfw xsrq
rswlrq sulfhv1 Pruhryhu/ wkh lpsdfw ghshqgv rq wkh srvlwlrq ri wkh h{fkdqjh udwh zlwklq lwv
wdujhw }rqh1
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Iljxuhv 709 suhvhqw sorwv ri shufhqwdjh sulfh glhuhqfhv ehwzhhq wkh GMQ0 dqg wkh UJEP0
prghov1 Shufhqwdjh sulfh glhuhqfhv duh ghqhg dv=
(0glhuhqfh @
F-C F(a
F(a
 433>
zkhuh F-C dqg F(a ghqrwh Hxurshdq fdoo rswlrq sulfhv fdofxodwhg rq wkh edvlv ri wkh
UJEP0 dqg wkh GMQ0prghov/ uhvshfwlyho|1 Srvlwlyh ydoxhv lqglfdwh wkdw wkh UJEP0prgho
4;Rqh frxog dowhuqdwlyho| dujxh wkdw wkh +ehoo0vkdshg, frqglwlrqdo suredelolw| ixqfwlrq zloo vkliw wr wkh
uljkw zkhq wkh lqlwldo h{fkdqjh udwh jurzv odujhu1 Vhh Yhhvwudhwhq +5333e, iru pruh ghwdlo rq wkh frqglwlrqdo
h{fkdqjh udwh glvwulexwlrq wkdw dulvhv zlwklq wkh Nuxjpdq prgho1
4<Wkh ydoxdwlrq htxdwlrq lq Ht1 +49, fdq eh vroyhg lq dq dqdo|wlfdo pdqqhu1 Wkh sulflqj irupxod dqg wkh
pdlq vwhsv lq lwv ghulydwlrq fdq eh rewdlqhg iurp wkh dxwkru1 Krzhyhu/ wkh irupxod lv qxphulfdoo| loo0ehkdylqj
iru fhuwdlq sdudphwhu udqjhv gxh wr wkh srwhqwldo ri h{sorvlyho| jurzlqj h{srqhqwldov1 Zh wkhuhiruh vroyh Ht1
+49, yld qxphulfdo lqwhjudwlrq1
48
ryhusulfhv wkh frqwudfw/ qhjdwlyh ydoxhv srlqw wr xqghuydoxdwlrqv1 Wkh wkuhh jxuhv vkduh wkh
iroorzlqj sdudphwhuv1 Wkh xsshu dqg orzhu h{fkdqjh udwh edqgv/ dv ehiruh/ duh vhw dw 4=434<
dqg 4=4854/ uhvshfwlyho|1 Wkh h{huflvh sulfh lv vhw dw wkh plgsrlqw ri wkh wdujhw }rqh dqg
wkh uhpdlqlqj wlph wr pdwxulw| lv vl{ prqwkv153 Wkh lqvwdqwdqhrxv guliw ri wkh ixqgdphqwdo
htxdov }hur1 Wkh frqvwdqw lqwhuhvw udwh glhuhqwldo wkdw lv uhtxluhg zlwklq wkh UJEP0prgho
lv vhw dw }hur1 Wkh fhqwudo lqwhuhvw udwh htxdov ;(1 Wkh grphvwlf lqwhuhvw udwh lq wkh UJEP0
prgho lv dovr vhw dw ;(1 Wklv zduudqwv vrph h{sodqdwlrq dv zh h{dplqh sulfhv iru glhuhqw
ohyhov ri wkh exughq vkdulqj sdudphwhu1 Zkhq  @ 3/ wkh grphvwlf lqwhuhvw udwh lq wkh GMQ0
prgho htxdov wkh fhqwudo lqwhuhvw udwh dqg lv frqvwdqw1 Vhwwlqj wkh grphvwlf lqwhuhvw udwh lq
wkh UJEP0prgho dw wkh ohyho ri wkh fhqwudo lqwhuhvw udwh lv wkhq d orjlfdo fkrlfh1 Li  htxdov
xqlw| wkh iruhljq lqwhuhvw udwh lv frqvwdqw dw wkh fhqwudo lqwhuhvw udwh1 Dvvxplqj wkh lqwhuhvw
udwh glhuhqwldo wr eh }hur lq wkh UJEP0prgho wkhq doorzv xv wr htxdwh wkh fhqwudo dqg wkh
grphvwlf lqwhuhvw udwhv1 Li  @ 
2
zh dsso| wkh vdph uhdvrqlqj/ doehlw nqrzlqj wkdw wklv krogv
h{dfwo| rqo| zkhq wkh h{fkdqjh udwh lv orfdwhg lq wkh plggoh ri wkh edqg dv fdq eh vhhq iurp
sdqho +e, lq Iljxuh 41 Dv zh dvvxph devhqfh ri guliw/ zh ihho wkdw h{whqglqj wklv htxdolw| wr
wkh hqwluh edqg lv d uhdvrqdeoh fkrlfh1
Lqvhuw Iljxuhv 7091
Iljxuhv 709 glhu zlwk uhvshfw wr wkh srvlwlrq ri wkh lqlwldo h{fkdqjh udwh zklfk lv vhw dw wkh
plggoh ri wkh orzhu kdoi/ wkh ryhudoo plggoh dqg dw wkh fhqwhu ri wkh xsshu sduw ri wkh wdujhw
}rqh/ uhvshfwlyho|1 Wkh uljkw krul}rqwdo d{lv ghslfwv ydoxhv iru wkh vhqvlwlylw| sdudphwhu 
wkdw udqjhv ehwzhhq 3=34 dqg 81 Wklv udqjh ri ydoxhv lv lq olqh zlwk hvwlpdwlrq uhvxowv uhsruwhg
lq Yhhvwudhwhq +5333e,1 Wkh ohiw krul}rqwdo d{lv jlyhv wkh julg iru wkh glxvlrq frh!flhqw 
iru wkh surfhvv ri wkh ixqgdphqwdo +GMQ0prgho, dqg ri wkh h{fkdqjh udwh +UJEP0prgho,154
Zh fkrvh iru d udqjh ri 3=38 wr 3=5 s1d1
Iljxuh 7 vkrzv/ dv zloo dovr eh wuxh iru Iljxuhv 8 dqg 9/ wkdw wkh ohyho ri wkh exughq vkdulqj
sdudphwhu  kdv rqo| d olplwhg lq xhqfh rq wkh qdwxuh dqg wkh ohyho ri sulflqj glhuhqfhv1
Dovr wkh vhqvlwlylw| sdudphwhu  grhv qrw vxevwdqwldoo| dhfw sulflqj glhuhqfhv1 Wklv lv qrw
vxusulvlqj dv  jryhuqv wkh h{whqw ri qrqolqhdulwlhv1 Qrqolqhdulwlhv w|slfdoo| duh frqfhqwudwhg
qhdu wkh erxqgdulhv ri wkh h{fkdqjh udwh edqg1 Dv wkh lqlwldo h{fkdqjh udwh lv orfdwhg lq wkh
plggoh ri wkh orzhu edqg sduw dqg wkh ixqgdphqwdo h{klelwv qr guliw/ wkhvh uhjlrqv hqmr| orz
suredelolw| pdvv1 Khqfh/ sulfh glhuhqfhv zloo eh idluo| lqvhqvlwlyh wr / dowkrxjk/ dqg wklv lv
kdugo| ylvleoh iurp wkh judskv/ wkh| jurz ohvv srvlwlyh ru pruh qhjdwlyh1 Wkh fuxfldo idfwru
53Zh shuiruphg dovr vlpxodwlrqv iru frqwudfwv zlwk rqh |hdu xqwlo h{sludwlrq1 Uhvxowv/ krzhyhu/ zhuh txdol0
wdwlyho| lqglvwlqjxlvkdeoh iurp wkrvh wkdw zloo eh uhsruwhg ehorz1
54Dv qrwhg hduolhu/ wkh UJEP0prgho fdq eh ghulyhg iurp wkh GMQ0prgho e| vhwwlqj k wr }hur lq zklfk fdvh
wkh vwrfkdvwlf surfhvv ri wkh ixqgdphqwdo fduulhv ryhu wr wkh h{fkdqjh udwh1 Wklv doorzv xv wr xvh wkh vdph
ydoxh iru wkh glxvlrq frh!flhqwv lq wkh wzr prghov1
49
wxuqv rxw wr eh wkh yrodwlolw| sdudphwhu = Sulflqj glhuhqfhv duh lqlwldoo| pdujlqdoo| srvlwlyh
dqg iurp d ydoxh iru  ri durxqg ;( rqzdugv sulfh glhuhqfhv duh pruh ru ohvv vwdeoh ehwzhhq
5( dqg 5=8(1 Iru orz ghjuhhv ri yduldelolw| lq wkh h{fkdqjh udwh wkh UJEP0prgho voljkwo|
ryhuhvwlpdwhv/ zkhuhdv iru prghudwh wr odujhu ohyhov iru wkh vhfrqg prphqw rqo| prghudwh
ghjuhhv ri xqghuhvwlpdwlrq dulvh1 Wkh phdq glhuhqfh lq wkh wkuhh fdvhv lv derxw 5=5(1
Zkhq wkh lqlwldo h{fkdqjh udwh lv orfdwhg lq wkh fhqwuh ri wkh wdujhw }rqh/ dv lq Iljxuh
8/ wkh UJEP0prgho dozd|v xqghusulfhv zlwk d phdq durxqg 5=8(1 Wkh vkdsh ri wkh sulfh
glhuhqfh vxuidfh lv yluwxdoo|  dw zkhq h{foxglqj wkh orzhvw ohyhov iru  dqg 1 Wkxv/ iru
prvw sudfwlfdo fdvhv wkh UJEP0prgho kdv d vpdoo dqg vwdeoh xqghusulflqj eldv1
Wkh slfwxuh lv vrphzkdw glhuhqw li wkh lqlwldo h{fkdqjh udwh lv orfdwhg lq wkh xsshu
sduw ri wkh h{fkdqjh udwh edqg dv lq Iljxuh 91 Iru orz yrodwlolw| ohyhov/ wkh UJEP0prgho
vhyhuho| xqghuhvwlpdwhv1 Krzhyhu/ lqfuhdvlqj  djdlq |lhogv sulflqj huuruv durxqg 5( wr
6( |lhoglqj dq ryhudoo phdq iru wkh sulflqj glhuhqfh ehwzhhq 5=;( dqg 6=4(1 Wkh
vxuidfh djdlq lv  dw zkhq h{foxglqj wkh orzhu hqg ri wkh julg iru wkh glvshuvlrq frh!flhqw1
Lq frqfoxvlrq/ wkh UJEP0prgho zloo xqghuhvwlpdwh wkh wkhruhwlfdoo| fruuhfw rswlrq sulfh
wkdw lv jlyhq e| wkh GMQ0prgho1 Xqghusulflqj lv w|slfdoo| ri wkh rughu ri 5( wr 5=8(1
Plvsulflqj lv rqo| vxevwdqwldo iru orz ydoxhv ri wkh yrodwlolw| sdudphwhu1 Lw lv wuxh wkdw wdujhw
}rqhv w|slfdoo| uhgxfh wkh yrodwlolw| sdudphwhu/ exw rqh fdq dujxh wkdw yrodwlolw| ohyhov dv orz
dv 8( s1d1 duh ri rqo| olplwhg sudfwlfdo uhohydqfh iru rswlrq sulflqj1 Rswlrqv rq h{fkdqjh
udwhv wkdw hqmr| vxfk orz glvshuvlrq duh xqolnho| wr eh lq juhdw ghpdqg dv wkh frvw ri wkh
rswlrq pd| zhoo htxdo ru h{fhhg wkh +h{shfwhg, srwhqwldo orvv1 Iru lqvwdqfh/ rswlrqv rq wkh
jxloghu0pdun h{fkdqjh udwh gxulqj wkh HUP zhuh/ wr wkh ehvw ri rxu nqrzohgjh/ qrw h{wdqw1
Rq wkh rwkhu kdqg/ rswlrqv rq wkh olud0pdun h{fkdqjh udwh/ iru zklfk yrodwlolw| zdv odujhu/
kdyh dozd|v ehhq rhuhg e| qdqfldo lqvwlwxwlrqv1 Wkhuhiruh/ wkh UJEP0prgho pd| zhoo eh
d zruwkzkloh dqg sudfwlfdoo| uhohydqw prgho iru wkh ydoxdwlrq ri fxuuhqf| rswlrqv rq wdujhw
}rqh h{fkdqjh udwhv1 Pruhryhu/ dv wkh vxuidfh ri sulfh glhuhqfhv lv yluwxdoo|  dw iru uhohydqw
sdudphwhu ydoxhv/ rqh frxog xvh lq sudfwlfdo dssolfdwlrqv d uxoh ri wkxpe ri dgglqj 5( wr
5=8( wr UJEP0sulfhv1
Ilqdoo|/ wkh vpdoo sulfh glhuhqfhv dovr doorz iru wkh frqfoxvlrq wkdw qrqolqhdulwlhv lq
wdujhw }rqh h{fkdqjh udwhv duh ri olplwhg +hfrqrplf, uhohydqfh iru rswlrq sulflqj1 Rq wkh
rwkhu kdqg/ wdnlqj dffrxqw ri wkh wdujhw }rqh olplwv lv ri wkh xwprvw lpsruwdqfh iru sudfwlfdo
dssolfdwlrqv1 Lqghhg/ sulfhv iurp wkh prgho ri Jdupdq dqg Nrkokdjhq +4<;6, duh w|slfdoo|
533( deryh wkhruhwlfdoo| fruuhfw sulfhv dv vkrzq lq GMQ155
55Wkh jxuhv lq GMQ dvvxphg j wr htxdo f1 Zh wkhuhiruh shuiruphg vrph vlpxodwlrqv rq wkh uhodwlrq
ehwzhhq wkh UJEP0prgho dqg wkh prgho ri Jdupdq dqg Nrkokdjhq +4<;6, iru ydulrxv yrodwlolw| ohyhov1 Dv
hduolhu/ zh ohw j ydu| ehwzhhq ffD dqg f21 Uhvxowv vkrzhg wkdw Jdupdq dqg Nrkokdjhq +4<;6, ryhuhvwlpdwhv
UJEP0sulfhv e| ffI wr derxw fffI1 Ryhusulflqj prqrwrqlfdoo| lqfuhdvhv lq wkh yrodwlolw| ohyho1 Wklv lv gxh
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Wklv sdshu h{dplqhv fxuuhqf| rswlrq sulflqj zlwklq fuhgleoh wdujhw }rqhv1 Wkh GMQ0prgho/
zklfk lv ghyhorshg zlwklq wkh iudphzrun ri wkh wdujhw }rqh prgho ri Nuxjpdq +4<<4,/ lv
h{whqghg wr dv|pphwulf exughq vkdulqj lq wkh ghihqfh ri wkh wdujhw }rqh1 Wkh GMQ0prgho
dvvxphg wkdw wkh exughq ri lqwhuyhqwlrq lv vkduhg htxdoo| ehwzhhq frxqwulhv1 Vxfk d vhw0xs/
krzhyhu/ lv qrw dssursuldwh lq wkh fdvh ri xqlodwhudo wdujhw }rqhv1 Wkh frxqwu| wkdw sxuvxhv
wkh shj fxp edqg duudqjhphqw kdv wr ehdu wkh hqwluh exughq ri lqwhuyhqwlrq dqg lwv grphvwlf
lqwhuhvw udwh zloo eh pruh yduldeoh wkdq xqghu d v|pphwulf v|vwhp1 Dv d uhvxow/ rswlrq sulfhv
zloo glhu lq ixqfwlrq ri wkh ghjuhh ri exughq vkdulqj dv ixwxuh sd|0rv duh wr eh glvfrxqwhg
dw wkh grphvwlf lqwhuhvw udwh1 Pruh lq sduwlfxodu/ iru ghhs rxw0ri0wkh0prqh| rswlrqv sulfhv
zloo eh kljkhu iru orzhu ydoxhv ri wkh exughq vkdulqj sdudphwhu/ 1 Ru/ kljkhu sulfhv uhvxow
zkhq wkh exughq ri lqwhuyhqwlrq lv vpdoohu iru wkh grphvwlf frxqwu|1 Wkh uhyhuvh krogv iru lq0
dqg dw0wkh0prqh| rswlrqv1 Dv|pphwulf exughq vkdulqj lv/ krzhyhu/ qrw olplwhg wr xqlodwhudo
wdujhw }rqhv exw fdq dovr hphujh zlwklq pxowlodwhudo vhwwlqjv vxfk dv wkh HUP1 Wkh prqwkv
wkdw suhfhghg wkh wxuprlo ri 4<<6 duh dq lqvwdqfh zkhuh vxfk dv|pphwulf exughq vkdulqj
wrrn sodfh1
Wkh sdshu dovr lqwurgxfhv dq dowhuqdwlyh iudphzrun iru wkh ydoxdwlrq ri rswlrqv rq wdujhw
}rqh h{fkdqjh udwhv1 Wkh dowhuqdwlyh prgho lv hpehgghg zlwklq wkh ulvn0qhxwudo ydoxdwlrq
dssurdfk dqg uhtxluhv nqrzohgjh ri wkh frqglwlrqdo ghqvlw| ixqfwlrq iru UJEP1 Lw lv dnlq wr
wkh prvw zlgh0vsuhdg rswlrq sulflqj phwkrgrorj|/ qdpho| wkdw ri Eodfn dqg Vfkrohv +4<:6,/
dv lw vkduhv wkh dvvxpswlrq wkdw wkh dvvhw sulfh iroorzv jhrphwulf Eurzqldq prwlrq1 Krzhyhu/
wkh UJEP0prgho h{solflwo| wdnhv dffrxqw ri wkh suhvhqfh ri wdujhw }rqh olplwv1 Wkh pdlq
dgydqwdjh ri wkh UJEP0prgho lv wkdw sulflqj/ dv lq Eodfn dqg Vfkrohv +4<:6,/ uhtxluhv
rqo| lqihuhqfh rq rqh xqnqrzq lqsxw/ qdpho| wkh lqvwdqwdqhrxv vwdqgdug ghyldwlrq1 Wklv
ihdwxuh lv ri sudfwlfdo uhohydqfh dv wkh GMQ0prgho qhfhvvlwdwhv lqihuhqfh rq ydulrxv dgglwlrqdo
xqnqrzq sdudphwhuv vxfk dv wkh vhqvlwlylw| idfwru  dqg wkh guliw ri wkh ixqgdphqwdo1 Wkh
hdvh lq lpsohphqwdwlrq ri wkh UJEP0prgho jrhv dw wkh frvw ri glvsod|lqj wkuhh wkhruhwlfdo
gudzedfnv1 Wkh uvw lv uhodwhg wr wkh idfw wkdw mxpsv lq wkh h{fkdqjh udwh fdq qrw eh
suhfoxghg zklfk ylrodwhv wkh qr0duelwudjh frqglwlrq1 Vhfrqg/ wdujhw }rqh qrqolqhdulwlhv duh
devhqw1 Wklug/ lqwhuhvw udwhv duh dvvxphg wr eh frqvwdqw dqg dv vxfk gr qrw ghshqg rq wkh
srvlwlrq ri wkh h{fkdqjh udwh zlwklq lwv  xfwxdwlrq edqg1 Zh/ wkhuhiruh/ suhvhqw vlpxodwlrqv lq
rughu wr dvvhvv wkh sulflqj dffxudf| ri wkh UJEP0prgho1 Wkh| uhyhdo wkdw wkh UJEP0prgho/
wr wkh idfw wkdw kljkhu ydoxhv iru j/ zlwklq wkh xquhvwulfwhg prgho/ lpso| odujhu suredelolw| pdvv iru h{fkdqjh
udwhv deryh wkh xsshu wdujhw }rqh olplw1 Dv d uhvxow/ wkh sd|0r ri wkh rswlrq lqfuhdvhv dqg sulfhv zloo eh idu
deryh wkrvh rewdlqhg e| wkh UJEP0prgho wkdw dffrxqwv iru wkh suhvhqfh ri wdujhw }rqh olplwv1 Iru euhylw|/
zh gr qrw lqfoxgh wkhvh jxuhv dowkrxjk wkh| fdq eh rewdlqhg iurp wkh dxwkru xsrq vlpsoh uhtxhvw1
4;
lq jhqhudo/ srvvhvvhv dq xqghusulflqj eldv ri 4( wr 6( zkhq frpsduhg wr wkh GMQ0prgho1
Wkh h{whqw ri wklv eldv lv rqo| pdujlqdoo| ghshqglqj rq wkh ohyho ri glvshuvlrq/ wkh vhqvlwlylw|
sdudphwhu dqg wkh exughq vkdulqj sdudphwhu156 Rqo| iru udwkhu orz glvshuvlrq ri durxqg
ru orzhu wkdq 8( s1d1/ plvsulflqj fdq jurz wr derxw :(1 Dv wkh xvhixoqhvv dqg vxsso| ri
rswlrqv rq vxfk h{fkdqjh udwhv pd| eh grxewhg/ zh ihho wkdw wkh UJEP0prgho fdq vhuyh dv
dq hdv|0wr0xvh dssur{lpdwlrq wr pruh hoderudwh prghov lq prvw uhohydqw dssolfdwlrqv1
Wkh uhodwlrq ri UJEP0 wr GMQ0sulfhv dovr vkhgv vrph oljkw rq wkh hfrqrplf uhohydqfh ri
wdujhw }rqh qrqolqhdulwlhv1 Wkh hhfw rq sulflqj lv yhu| vpdoo dv uhyhdohg e| wkh vlpxodwlrqv1
Wkxv/ wdujhw }rqh qrqolqhdulwlhv/ dv uhsruwhg iru lqvwdqfh lq Yhhvwudhwhq +5333e,/ duh ri olplwhg
lpsruwdqfh iru rswlrq sulflqj1 Rq wkh rwkhu kdqg/ wkh lqfoxvlrq ri wdujhw }rqh olplwv lq rswlrq
sulflqj lv fuxfldo dv wkh xquhvwulfwhg prgho ri Jdupdq dqg Nrkokdjhq +4<;6, uhwxuqv sulfhv
wkdw vxusdvv wkhruhwlfdoo| fruuhfw sulfhv e| 533( dv lqglfdwhg e| GMQ1
Wkh sdshu fdq eh h{whqghg lq vhyhudo gluhfwlrqv1 D uvw dqg vwudljkwiruzdug h{whqvlrq lv
wkh ghyhorsphqw ri sulflqj iudphzrunv jhduhg wrzdugv rqh0vlghg wdujhw }rqhv1 Vhfrqg/ wkh
frqfhsw ri dv|pphwulf exughq vkdulqj lq wklv sdshu lv yhu| vlpsoh lq qdwxuh exw fdq eh jlyhq
pruh ghwdlo e| uhodwlqj lw/ iru lqvwdqfh/ wr wkh srvlwlrq ri wkh h{fkdqjh udwh lq wkh wdujhw
}rqh1 Erwk prghov fdq dovr eh h{whqghg wrzdugv phdq0uhyhuvlrq1 Lq wkdw zd| rqh frxog wdnh
dffrxqw ri lqwudpdujlqdo lqwhuyhqwlrqv1 Wklv urxwh zdv wdnhq xs lq Hnydoo/ Mhqqhujuhq dqg
Qçvoxqg +4<<8, iru wkh v|pphwulf exughq vkdulqj prgho ri GMQ1 Wkh UJEP0prgho fdq eh
h{whqghg wr lqwudpdujlqdo lqwhuyhqwlrqv e| lpsrvlqj d uh hfwhg Ruqvwhlq0Xkohqehfn surfhvv1
Krzhyhu/ wkh frqglwlrqdo suredelolw| ghqvlw| lq wkh fdvh ri wzr0vlghg uh hfwlrq kdv qrw |hw ehhq
ghulyhg iru wklv surfhvv157 Wkh deryh sulflqj iudphzrunv uho| rq shuihfw fuhglelolw| dqg wkxv
suhfoxgh uhdoljqphqwv1 Wkh GMQ0prgho zdv h{whqghg wr lqfoxgh uhdoljqphqw h{shfwdwlrqv lq
Gxpdv/ Mhqqhujuhq dqg Qçvoxqg +4<<8,1 Krzhyhu/ wkdw prgho fdq dovr eh h{whqghg wrzdugv
dv|pphwulf exughq vkdulqj zklfk ehfrphv hyhq pruh dfxwh zkhq fuhglelolw| ri wkh shj lv
qrw shuihfw1 Uhdoljqphqw ulvn fdq eh lqwurgxfhg lqwr wkh UJEP0iudphzrun/ iru lqvwdqfh/
wkurxjk wkh xvh ri d frpsrvlwh ixqgdphqwdo wkdw lqfoxghv vwrfkdvwlf ghydoxdwlrq ulvn dv
dgydqfhg lq Ehuwrod dqg Vyhqvvrq +4<<6,1 Wkh UJEP0prgho fdq dovr eh vhhq dv d uvw vwhs
wrzdugv sulflqj ri rswlrqv rq h{fkdqjh udwhv wkdw duh vxemhfw wr d +fuhgleoh, fudzolqj shj fxp
edqg1 Wkh uhtxluhg prylqj dqg wlph0ghshqghqw edqgv fdq eh lqwurgxfhg yld olqhdu uhwdlqlqj
ru vwudljkw olqh eduulhuv/ vhh Sdun dqg Vfkxxupdqq +4<;3,/ Jhuehu/ Jrrydhuwv dqg Gh Sulo
+4<;4,/ Sdun dqg Ehhnpdq +4<;6, dqg Whxqhq dqg Jrrydhuwv +4<<7,1
56Qrwh wkdw wkh odwwhu wzr sdudphwhuv gr qrw hqwhu lq wkh UJEP0prgho1
57Ulffldugl dqg Vdfhugrwh +4<;:, ghulyh dq lqwhjudo uhsuhvhqwdwlrq iru wkh rqh0vlghg uh hfwhg Ruqvwhlq0
Xkohqehfn surfhvv1 Edoo dqg Urpd +4<<7, xvh wklv uhsuhvhqwdwlrq lq dssur{lpdwlqj wkh frqglwlrqdo ghqvlw| iru
wkh wzr0vlghg uh hfwhg surfhvv1
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^4` Dlwfklvrq/ M1 dqg M1 D1 F1 Eurzq +4<:6, Wkh orjqrupdo glvwulexwlrq= zlwk vshfldo uhihuhqfh
wr lwv xvhv lq hfrqrplfv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Orqgrq/ 7wk uhsulqw/ 4:9 s1
^5` Edoo/ F1 D1 dqg D1 Urpd +4<<7, Wdujhw }rqh prghoolqj dqg hvwlpdwlrq iru Hxurshdq
Prqhwdu| V|vwhp h{fkdqjh udwhv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 4/ 6;807531
^6` Ehuwrod/ J1 dqg O1 H1 R1 Vyhqvvrq +4<<6, Vwrfkdvwlf ghydoxdwlrq ulvn dqg wkh hpslulfdo
w ri wdujhw0}rqh prghov/ Uhylhz ri Hfrqrplf Vwxglhv/ 93/ 9;<0:451
^7` Eodfn/ I1 dqg P1 Vfkrohv +4<:6, Wkh sulflqj ri rswlrqv dqg frusrudwh oldelolwlhv/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ ;4/ 96:098<1
^8` Ghojdgr/ I1 dqg E1 Gxpdv +4<<5, Wdujhw }rqhv= Eurdg dqg qduurz/ lq= Nuxjpdq/ S1 U1
dqg P1 Ploohu +hgv1, H{fkdqjh udwh wdujhwv dqg fxuuhqf| edqgv/ Fdpeulgjh Xqlyhuvlw|
Suhvv/ Fdpeulgjh/ 680891
^9` Gxpdv/ E1/ O1 S1 Mhqqhujuhq dqg E1 Qçvoxqg +4<<6, Fxuuhqf| rswlrq sulflqj lq fuhgleoh
wdujhw }rqhv/ Uhylhz ri Ixwxuhv Pdunhwv/ 45/ 65606731
^:` Gxpdv/ E1/ O1 S1 Mhqqhujuhq dqg E1 Qçvoxqg +4<<8, Uhdoljqphqw ulvn dqg fxuuhqf|
rswlrq sulflqj lq wdujhw }rqhv/ Hxurshdq Hfrqrplf Uhylhz/ 6</ 4856048771
^;` Hnydoo/ Q1/ O1 S1 Mhqqhujuhq dqg E1 Qçvoxqg +4<<8, Fxuuhqf| rswlrq sulflqj lq d idplo|
ri h{fkdqjh udwh uhjlphv/ Dgydqfhv lq Ixwxuhv dqg Rswlrqv Uhvhdufk/ ;/ 44604761
^<` Iorrg/ U1 S1 dqg S1 P1 Jduehu +4<<4, Wkh olqndjh ehwzhhq vshfxodwlyh dwwdfn dqg wdujhw
}rqh prghov ri h{fkdqjh udwhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ 469:046:51
^43` Ixqdedvkl/ \1 +4<;;, Pdqdjlqj wkh Groodu= Iurp wkh Sod}d wr wkh Orxyuh/ Lqvwlwxwh iru
Lqwhuqdwlrqdo Hfrqrplfv/ Zdvklqjwrq/ 5<: s1
^44` Jdupdq/ P1 E1 dqg V1 Z1 Nrkokdjhq +4<;6, Iruhljq fxuuhqf| rswlrq ydoxhv/ Mrxuqdo ri
Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 5/ 564056:1
^45` Jhpdq/ K1/ Q1 Ho Ndurxl dqg M10F1 Urfkhw +4<<8, Fkdqjhv ri qxpìudluh/ fkdqjhv ri
suredelolw| phdvxuh dqg rswlrq sulflqj/ Mrxuqdo ri Dssolhg Suredelolw|/ 65/ 776078;1
^46` Jhuehu/ K1 X1/ P1 Jrrydhuwv dqg Q1 Gh Sulo +4<;4, Wkh Zlhqhu surfhvv zlwk guliw eh0
wzhhq d olqhdu uhwdlqlqj dqg dq devruelqj eduulhu/ Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg
Pdwkhpdwlfv/ :/ 59:059<1
^47` Khu}/ E1 dqg Z1 Uùjhu +4<<5, Wkh HPV lv d juhdwhu Ghxwvfkpdun duhd/ Hxurshdq Hfr0
qrplf Uhylhz/ 69/ 4746047581
^48` Nuxjpdq/ S1 U1 +4<:<, D prgho ri edodqfh0ri0sd|phqwv fulvhv/ Mrxuqdo ri Prqh|/ Fuhglw
dqg Edqnlqj/ 44/ 64406581
^49` Nuxjpdq/ S1 U1 +4<<4, Wdujhw }rqhv dqg h{fkdqjh udwh g|qdplfv/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 439/ 99<09;51
^4:` Pd/ \1 dqg D1 Ndqdv +5333, Whvwlqj iru d qrqolqhdu uhodwlrqvkls dprqj ixqgdphqwdov dqg
h{fkdqjh udwhv lq wkh HUP/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 4</ 46804851
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^4;` Prrg/ D1 P1/ I1 D1 Jud|eloo dqg G1 F1 Erhv +4<:7, Lqwurgxfwlrq wr wkh wkhru| ri vwdwlvwlfv/
PdfJudz0Kloo/ Qhz \run/ 6ug hglwlrq/ 897 s1
^4<` Sdun/ F1 dqg M1 D1 Ehhnpdq +4<;6, Vwrfkdvwlf eduulhuv iru wkh Zlhqhu surfhvv/ Mrxuqdo
ri Dssolhg Suredelolw|/ 53/ 66;067;1
^53` Sdun/ F1 dqg I1 M1 Vfkxxupdqq +4<;3, Hydoxdwlrqv ri devruswlrq suredelolwlhv iru wkh
Zlhqhu surfhvv rq odujh lqwhuydov/ Mrxuqdo ri Dssolhg Suredelolw|/ 4:/ 69606:51
^54` Ulffldugl/ O1 P1 dqg O1 Vdfhugrwh +4<;:, Rq wkh suredelolw| ghqvlwlhv ri dq Ruqvwhlq
Xkohqehfn surfhvv zlwk d uh hfwlqj erxqgdu|/ Mrxuqdo ri Dssolhg Suredelolw|/ 57/ 6880
69<1
^55` Vyhqvvrq/ O1 H1 R1 +4<<4, Wdujhw }rqhv dqg lqwhuhvw udwh yduldelolw|/ Mrxuqdo ri Lqwhuqd0
wlrqdo Hfrqrplfv/ 64/ 5:0871
^56` Vyhqvvrq/ O1 H1 R1 +4<<5, Wkh iruhljq h{fkdqjh ulvn suhplxp lq d wdujhw }rqh prgho
zlwk ghydoxdwlrq ulvn/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 66/ 540731
^57` Whxqhq/ P1 dqg P1 Jrrydhuwv +4<<7, Grxeoh erxqgdu| furvvlqj uhvxow iru wkh Eurzqldq
prwlrq/ Vfdqglqdyldq Dfwxduldo Mrxuqdo/ 5/ 46<04831
^58` Xfwxp/ P1 +4<<<, Hxurshdq lqwhjudwlrq dqg dv|pphwu| lq wkh HPV/ Mrxuqdo ri Lqwhu0
qdwlrqdo Prqh| dqg Ilqdqfh/ 4;/ :9<0:<;1
^59` Yhhvwudhwhq/ G1 +5333d, Suredelolw| ghqvlwlhv iru Eurzqldq prwlrq zlwk guliw ehwzhhq
wzr uh hfwlqj erxqgdulhv/ Ghfhpehu/ 56 s1/ plphr1
^5:` Yhhvwudhwhq/ G1 +5333e, Frqglwlrqdo glvwulexwlrqv lq wkh Nuxjpdq wdujhw }rqh prgho dqg
xqghfoduhg qduurzhu edqgv/ Ghfhpehu/ 56 s1/ plphr1
^5;` yrq Kdjhq/ M1 dqg P1 Iudwldqql +4<<3, Jhupdq grplqdqfh lq wkh HPV= hylghqfh iurp
lqwhuhvw udwhv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ </ 68;06:81
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Figure 1: The domestic interest rate (solid line) and the foreign interest rate (dotted line) for
 β = 0 (panel a), β = 0.5 (panel b) and β = 1 (panel c).
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Figure 2: The currency option price function for β = 0 (panel a), β = 0.5 (panel b) and
 β = 1 (panel c).
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Figure 3: Differenes in currency option prices: prices for β = 0 - prices for β = 0.5 (panel a)
  and prices for β = 0 - prices for β = 1 (panel b).
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Figure 4: Price di¤erences between the DJN-model and the RGBM-model for an initial
exchange rate located at the centre of the lower half of the target zone.
Figure 5: Price di¤erences between the DJN-model and the RGBM-model for an initial
exchange rate located at the centre of the target zone.
Figure 6: Price di¤erences between the DJN-model and the RGBM-model for an initial
exchange rate located at the centre of the upper half of the target zone.
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